The propagation model for signal fluctuations on transionospheric radio links previously developed by the authors has been further extended to be capable of describing some new applications e.g. spatial coherency of the field, or the time-correlation properties of level (log-amplitude) and phase fluctuations and their frequency spectra. In particular, the technique has been developed to also generate random time sequences of the level and phase of the field on transionospheric paths of propagation. Spatial coherency is of importance for differential CPS in the assessment of the additional fluctuational errors in rangefinding with respect to a reference CPS station whereas random time series are necessary for modelling the fluctuational Earth-satellite channel of propagation.
Introduction
A propagation model, employing the complex phase method, has been developed to calculate the effects of the electromagnetic field fluctuations on transionospheric radio links (Gherm et al. 2000) . Based on this method, the analytic and numerical technique has been developed to characterise the transionospheric fluctuating channel of propagation. The technique is capable of describing the statistical effects of propagation due to the ionospheric electron density fluctuations in space and time accounting for ray bending in the inhomogeneous background ionosphere and diffraction on local random inhomogeneities. The impact of the Earth's magnetic field is taken into account by the anisotropic spatial spectrum of the ionospheric turbulence with different scales of the local inhomogeneities along and across the magnetic field lines.
Contrasted with the well known purely numerical multiple-phase-screen method (Knepp 1983) , which is used also in treating the problem of the field fluctuations on transionospheric paths of propagation (Grimault 1998), the complex phase method (which is the analytic basis for present consideration) allows analytic representations of the statistical moments of the field to be obtained. In addition to the above-cited work (Gherm et al. 2000) , appropriate analytic expressions used in the method are gi ven in G herm and Zernov (1998) . If realistic models of the background ionosphere and the ionospheric fluctuations have been included in the analytic propagation model, the numerical calculations are then performed to describe the appropriate statistical moments of the field. As a result of this, the propagation model is capable of describing a wide variety of conditions of propagation, including different 3D models of the background ionosphere, ionospheric fluctuation parameters and geometry and orientation of the path of propagation. The present propagation model is free of a series of limitations inherent in the propagation models based on the classical single-phase-screen method (Rino 1979), (Secan et al. 1995) . The latter assumes a uniform propagation geometry and irregularity structure along the path of propagation and do not take into account diffraction effects in the ionosphere.
The complex phase method is the further extension of Rytov's approximation (Rytov et al. 1978) to the case of a point source of the field and an inhomogeneous background medium. The method employs perturbation theory for the complex phase of the disturbed field that results in certain limitations of the value of the variance (J~ for the field level (log-amplitude) fluctuations X. It is commonly accepted (Rytov et al. 1978 ) that the range of validity of the method is given by the condition (J~ < 1.
( 1) It is also well known (Barabanenkov et al. 1971 ) that Rytov's method allows actually the calculation of the phase effects well beyond the formal framework of the inequality (1) (2) Both inequalities (1) and (2) outline the range ofvalidity of our approach (Gherm et al. 2000) . In the scope of this approximation the scintillation index S4 is given by the equation (3) In the propagation model the ionospheric electron density fluctuations are considered to be turbulent characterized by the anisotropic spatial inverse power law spectrum: (4) Here the quantity (J' i v is the variance of the fractional electron density fluctuations, C' iv is a normalization coefficient, and p is a spectral index independent of the wave number ;:to The anisotropy of fluctuations is considered by introducing different scales along the geomagnetic field line direction and perpendicular to it. Thus, Ktg = 27r / Ztg, K tr = 27r / Ztr, where Ztg and Ztr are the longitudinal and transversal outer scales of the ionospheric turbulence respectively, so that the aspect ratio of the
